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Paper i 


IR MOU TION 


| The pabsage through matexiale of eneray in the form of wave motion 
ie of grant interest from both thevretion. ané practical etandpointe 
whether the were le of an sleotyommgnetio o¢ mechanical nature, In 
etudies af thie kind interest may be Teouesad on the wove itwelt while 
the prooesties of the medium through whigh the weve is peeing need 
Het engage the attention of the invettientor,. ‘neofar #8 eny wave 
Gatisfiet the usual postulates aonoerning ecnm lity of angles of ineld- 
eno@ and rafleetion, oorplenar properSiee of inaldwnt and refleeted 
raya and the normal to the gurface, differen’ velocitivgs of oyopagation 
in ditferent media, ete., Ine mney carry on certain physical az methe 
| @tsiieal investigutione of the wove without being magh goneerned oven 
sboat the natere of the wave. tn # feotrieted ecanee thie may be 
poten of we ao "trae" etnd> of wave motion. 

Re sooner dae06 the invrentientor’s eorloeite lead him te incolre 
into the properties of the medium, in whieh the weve le propagated, 
tren the inveétiaggtion center to be ome orimerily on wave motion. 
tn feet, the wave ib thought af a8 ea “probe” which ie aged to reveal 
the innes Hetuse af the material. 

I¢ ie the adoption of this eeeend «int af vlew that hee 1eé to 
eueh satetanding werk as thet of Yohr and boeeley. Tumeroce notable 
examples micht be qeeted in which the oevente of eleotromagnetia waves 
or 6eand weves hee been obad in Inver tisating rari ous propertios of 
eatter. the determination of Youns's Yodalus by the fumtlier method of 
vibrajing bare te esduniiolly the ntilfastion af aur knowled@e of — 


Stending wevee ta determine one of the eleétie eenetante of solids, 


Digitized by the Internet Archive. 
in 2018 with funding from 
University of Alberta Libraries 


https://archive.org/details/velocitiesoflongOOspro 


ope 


Geolorcisete are ueving sound weveo wer np by caplogione to add to thety 
knowledge of sabeaurtnoe foxrmmtione in the earth. In many ashor Tielés 
w@ find the weve ueed in a manner indlesting whet lridgman enka 
on “Opexyationel” point of view. Juet a8 a yord etiek te need in the 
"gperation” of measuring lensthe, @o way a weve be ueed in the “sper 
ation” of measuring elnetio of other congtante of matter,  Thir 
motion has often been used but hae generally been olthex implicitiy 
étated or not etated ot all. 

The work deseribed in this papex hae e double @ignificanees., tome 


light te shed on the behaviour of « wave in rode of various dismeters, 
while the "opezetion" of varying diemeters and sbeerving the changed 
behaviour of the wave itee]? reeuite in the duvelopment of new vias 


of measuring certain elastic Cone Tanta. 


(1) The Loie of Modern chyeics. 


vw 
by 


Moet measurements of She veloolity of seund depend vltivetely on 


interference phenomena in a reflected wave train. In the Kundt'e tube 


method we have the measurement of many half wave lengthe, which, tovethéer 


with the determination of the freqnenor, gives the volocity by the 
Simple formula Ve f \ . In the vase of vibrating rode these same 
oonditions govern the nature, oy resonenae frecagrcles. Yor tha 
natural modes of vibration of » free yod, whether the vibvetions be 
toreional or longitadionsl, the length of tho red 16 ecnnl to on 
integral number of half wave longthe, o¥ 

1 « = vu 2th. ceveeeesscusvsccvessecesevey (2) 
where 1 # ast vod, k » the intiegera from 1 to m, \« wave 
length, V = velocity, £ = fraecuenoy,. 

Aleo, ?rom considerations of mnoe and @leeticity, we heve, for 
thin rode, Lee. where xj1 1% emall, ¢ bhaing the yedinun of the seotion, 
the reletion V¥ « | : coneweunesetesenteneeseves (fh) 

Prom (1) ane ‘n) e/, -% ee 

where C- Young's ini ond, 16 the éunoity. {tana k are recdily 
determined, and so € ie determined. The cagetion of the correspond ence 
between € eo dutermined and that found be ctatic oF extengoreter methods 
will be éisaneedd later. 

An ingenionue method for determining the eave length and hence the 
velcoity of sound in « Galid hes been devised by Soylea and hd 
They found far ultyesonic weaver in water, incident normally on a per 
tition of Oe ie ae en 1 Neg nates a Mae 
meximam for d- while traneniesion wae mazioom for 4-5, fy using se 
"“nartition” the vane of # tjozelon pendalum the vertition iseel’ wae 


made to in@leate the ratio of tranenitted to inoigens enoray, et the 


(2) Tran@s Roys oo. Con. El, 1927, pell&. veport can Tee, ¢ COONE Tle. dyne 
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on ie 
resultant radiation pressure on such an obstacle is ecual to the differ- 
ence in energy density on its two sides. By plotting this ratio 
for pendulums of different thiekness, at a constant frequency, the 
wave length in the material was found. ‘he ultrasonic beam was 
obtained by driving a piezo-electric generator with se radio freauency 
vacuum tube oscillation set, the frequency being readily determined 
by means of a radio wavemeter. The material used in these preliminary 
experiments was lead. Later Boyle and el caches Seaiiaiie the velocity 
of Sound in duralumin and other materials in the same way. In every 
case the velocity observed was higher than that calculated from (ITI) 
where wes determined by a Static method. A possible reason for 
this will be advanced in another part of this paper. 

An attempt by the writer to apply this method to magnesium 
with water as a propagating medium failed, because the metal was 
attacked by the water 80 rapidly that before an energy measurement 
coulg be made a film of gas formed on the surface of the dise, 
thus raising its reflecting power to an uncertain value. In conseq- 
see Ta tesbinet! ono ef the velocity of Sound in megnesium, using 
water as the surrounding medium, were not vossible, end therefore, 
the arrangement indicated in Fig. I was devised instead. “xperimental 
Piketntie will be given later. It will suffice here to say that plates 
ox rods of the metal employed (&) were sealed to each side of a 
quartz disc (B). The frequency of the fundamental mode of leng- 
itudinal vibration was determined, and the velocity of sound deduced 
from the relation V = atl py treating the system as a uniform rod. 
The duralumin employed wih taken from the same Sample as that used 
by Boyle and Froman, but the velocity determined by this method was 


4.5 x 10° ems./ sec. against the result obtained by them of 6.48 


(3) Nature, Jan.14, 1928, p.55. 
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bat 
6.48 x SO emis/ 00s In eonneotion with thely work on 
dusvealumin theese workere bad aloo determined Young's 
modulus by Statice muethod@., The veleocity omlenlated from 
ye " wee 6.2 % 10° GMG./8ed. Loch larze diverguncor 
could nos be acocunted fox ty atirtbutinwe them to expore 
imental errore and 15 wee evident thet the eesumptione 
mage in deriving the setation\:/ 7 were neo gatloftiod 
experimentally by the con¢ltiens of vithear of the above 
groexinente, and 66 thonld not be anslied to them. One 
asgumption made in deriving (ITT) 18 the$ she ratio 2/2 
gholl be omall. In the aate of she vilben Ging rod in an 
erydirnery Kundt*'s tube 2/2 w 1/186 or 1800. %% what 
PGR the goproxination held did net Geen -to beve deen 
determined experinentoliy. 


Par ¥ l= ~ thet to, for an infinite medium Garton 

: G-7) | y Woe io au aM eae varie | € = fetes Sli VS 
G@ESyClean a) hag gees 
faking for o the value quoted for slaminue vic. 0.06 


hee gue ted. Ue ine 2 


gaigaiasSion from IV indicates thet the thin disos ceed 

ty “oyle and “remen approz ima ted olosely enough to the 
eond ition 30 make that Tezmula aepoiiernbie in thelr vork, 
theie Yoxkere had, avoarently aneitiingls, been the fires 
$0 cheek Beyton*a aucrecsion fer the volootty af sonnd | 
in an infinite Golid medium, ao 1% @9ec not sean to have 
been chacked before. thie map be oone tered She 


explanation of the "high reevlt" of 6.48 » 10 ome./ seo. 


(4) Yext-S00k on Sonnd P2160. 


of 
The lowering of the velocity for the short thiok rod ray te 
deduced fzom the sheory of Haplet@h 7 who gives « correetion 
for the laternd inertia of a thick oylindrion] rod, which makes 
the setucl veloolty, 


re Ie 


e 
# Polovents Tetioc 


where V.« veloolty for thin rod. 


Y« yrédlouw of xvod. 

1 « length 

ke inte-ers (1 to n} 
giving mode of 
vibration. 

The main payt of thie investigation base heen seveted ta aheoking 
the ebove e oreeeion, 

This may be fone in Gevaral ward. 

Yom (1) wa have {. Ki It wey be Boon from thie that for a 
rod ef given length and with wa eonetent ¥ for we]. modes the ratio 
of the fxequeneles of wuoesed ing metes 1e given by 12:8: 0s 

& obange in V with sueaeetive modes of vibration eoah ea te 
ingiested ty (vw) will zeeult in wm ¢eoerture from the herreanto lew. 
he devarture hae been obtained eroerlcoontelly ané compared with 
the divergences civen by Yerleigh's exereusion, Ale», the reénolte 


obtained for ¢ifferer® rode «1° the same material heve been 


ronderzed prions ty oedgeued In that ante the veloolty ie e 


fanetsion of ter)” s hunoe wo mer verify (Vv) br vlotsing 


(6) Theory of bound, vol.I, pp. 261s. ar 
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rei eessviemaereinart may} 


RM Fen res oni.) 


mr ti 


0 

expeximental and anleulated volooltLoes againet (rk, 1)", Of oourse, 
it i@ underetood that (V) osmn only hold within oextein Limiting 
valucs of h/,)s but na indlestion either thearetionl or exper 
imental, has ovexy beun given asi Go where faylelgh’e er prumeton 
GUABee 1A AvYL ys 

Haylelah mentioned She imprabebiilty of ebtaining en erpere 
imental confizmation ag the gdrxeetion ‘ar leteral inertia, 
beoause of the diffioulty in exyporimentings with a red shart 
enoagh and thiak onuagh $6 mole the Gayrection appregisble. A% 
that time rndlo frequency eleatryie seelllatere were almont 
unknown. ings then the application of the slege-eleatrio 
peopertige ef quarts and ether oyyotels hae eneblLed resenrohers in 
altravoniees to avply euch osellietera ta the problem of obte ining 
high fzequenay meoshanion vibretion in aeRO ny thie 
method 15 is ab ensy to 88% op vibretione in ehort thick rode 


at if Jenme thin ones, 


(6) Boyle, Lehnann and eid, Trane. RoreGeo.Can. 3 lade FIX, 1926 
Ys L671 96. 
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Oylindries) metal rode fA) of uniform diemeter ant equal 
length were genen bed So oaoh wide of « cuarta dise (8) by 
vealing Mist » uo tha the rode verve gorardai af 18 ehown tn PL teBe 
Yormitiels fran 8 valve suglliates were conneo ied to the metni rode, 
With thie arrangemens the even monbered modes of vibretion wera 
quite weak, 60 the numerioa] results hare ehown ware oh te ined 
from the o46 remberad modes only. | 

Under the above qondisians the shtersating elesivio ftuld in 
the Querts sete ap by plege elugitxyle setion « srensuge wave which 
travels out inte the mate? yoda, When the freqneney of the 
@lectria field aerrvetpends Go the naturel Srequerey of one ef the 
modee of meehenion] vibration af the ¢uartermetal camhination, 
the intensity of the sechenten)] vibration ie inuraaued rently 
due $0 tuvenanas. Thic ingreanad may bo dateeted be any one af 
@everal mathede 26 wih ue Unéioeated later. 
 «“O¢her exrangements than the ome Cuserihec were seal to otert 
the vitvatione., Yarione eombinatione of lone and short reds 
uoing ectlve quarta were soeeiblie, even to slaging «e ciece of 
Guestg at one end only. CGedr'e metho of sleaing o Btrir of 
quarts on the sidea of a rod seve comparatively feeble seetllations, 

In addition iron yode were mede to vibrete by the dizeot 
mognetiowetzletive ation of the alternating Tilelde of magnetic 
foree@ near the aeqlllatio eolle. | thie effect wee due to magnete- 


ebriction. 


(7) Plezoe, Proc. Inet, Radio Bog 10, 1OPZ, p85. 
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The ohie® objuatian te ueing a compoeite rod companed of 
a Guaxyts layer and a length of another material ie thet an 
| appregiable correction may become neavaenry if the velocity 
af seand in the quortes ie not the Game ot the volocity of 
@oand in the mete This eoxreo tion iw found #6 fellowe;: 

the noeeesary condition for reueomence o% the fundamen tad 
etcenss fey euoh a xed ie that the bound travela the longth 
in half « neriod, 

Lot 1 «= longih of rod, ¢ » thickness sf quarts, ¥y = 
Veloolty of wound in cuexte, Vo «= Folaolty of sound in metal, 
t « frvequeney, *% » poxiod of 2y £« | 
Phe Gime retolzet fer sound to travel] thronebh the mote) 
ie ze <4 ™ time reuuise@ for the pound So Gyrevel through 
quar te is" 
fence iy yc Sah a aa 
Whenoe VY _ (DNase 
MeREN~ ss x ok ems Yer seeand Mg oie OAS 

iS wae found that She ¢eleuleated eorrection for the rede 
uged we in o11 eases lees than 14 end therefore, not ce area 
a@ the voziation iw Welooitp from eemnle to sannie of wntertal 
ueee for the 1006, Henao 1th application sae wnnocessaxy 
within the lielt of scaurses permeiited by the materials. 

She type of mashed sulteble far the dateation of the 
@@n0% seeenan’t frocuerciee wee fuend ta depend samawhot on the 
peowex and fxequeneor eeplayed. the fellowing devices were 
8uegetezully weed with a £60 watt svalliater. 
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fa) By impesing rectified 60 cycle A.C. on the plate of the 
ove llin tox a nedulated high frenuensy carrent oz “tonio~tzr in” 
eee ebSeined whieh Binilariy redulseted the bigh freeuenoy 
mechan toad vibrationa im the rod. 4 atethoeoore with e aop- 
Shaped eof% rabter “) te %enine” tin could then be nonlied tea 
ane of the vibseting ends af the rod. “he tonfie-trein conld 
be Beard in the stethacease only when the rad wae vibre ting 


as OF Next 145 rebonant radia frequener. 4 #tetherespe tin 


wae devieedé which utilised the sound enerey from beth ende . 


of the yoé. This is shown in “ig. IZ, which le self-explanatory. 
AG mish® be expected the fame reen) te were ebtatined ceine 
both of these trnem of etethoeosre. 

‘b) ty slecing the tip of the vibre ting ged in verione 
iiqniée ocvitation of the ifiesid eanld be erecaced «t the rernon- 


ant fyecueney. eubbles af éisGelved ga8 could be driven even 
from water, thie indics ting thet in fone eases tha energy 
‘gene ity fywm these #miall retonectoere asi bs ereater then 

in the larger beers from bigger ol sresenic tren ‘ent tters, 

fe} She rod gonié %« néed s© an altrasonic transmitter 
in Swo wyae a@ inéigoeta@¢é in “iz. TY. Pegonanee wee ind lented 
by the édefiection of the ‘Sorsion sandulen “ane $0 racine tion 
o¥eheure of the sound woves on it. 

{a} Mut particles pinced on « vibrating end were found 
te @hif¢ abont more oy lete renidlir «% the retenant freeaener. 
hie meshed was found net aniy t« inéieste retonanes, tat te 
give some ineight Into she neinzra of the vibretion, #8 ind lea ted 
later in the diszen@sion of the xreeni te. 


(6) R. W. Boyle - Trane. Roy. Hoc. Can. 19, 179, 1985. 
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“Ti- 
It wad algo found peseible te cange rode to resernd snd 
$o detect the senenence by uding an ordinary radio receiving set 
28 a low-powered sxcillator. the one nied bere coneiated of a 
yaéio receiving tebe, 7.0. 2B, and bonercomb-ooll indeotances 
tuned by means of verinble econdenger and the necetenry batteries 
a@ indiested in *ig. I¥. "Yor Some methets rhoner were en be tite ted 
for the gelvanometer in the slate cirerit. “he methods anplored 
With this s@ailiator were s@ follewe. 

(@) A @im-le srecedere often assed by investienters of 
plego-electric exrstal controlied seellleaters wan emloyeé. s6 
the geequenay of the oaclliater wee veried #2 tat 1% neeeed 
through the refonan’t fretnency ©f the red a sharp “chirp™ wae 
heard in the phones. ‘This nsefsel shenomenen ie éee to the fact 
that the rod Sakes energy from the electrics) cizesit when the 
frequency of the aigiliation ‘f) in the sirecii corretpende So 
the yenonant frequency of the red. %n choneing the freczeney 
a? the asciilater tes f, Sne read feeds the meray beek inte the 
@leetvios) siresit et the frequerer t, ané srecoces andible beats 
for values of f, near fj. | | : 

{#} the fact that the rods take energy 


?xum the electrical 


gizecis at resonance may ta shawn by « “Kiek” ef the enlrenometer 


slece’ im tha plate cirouit se inciectead in fig. TY. 

{g) The rode were meade to act #8 mali high f:reqnonery 
generators by Gapping Shem tGharpiy «ith a hammer. het they 
vibrated at thelr naturel frequency ene chown by tuning the 
@ecilletsr te theirs frequency in the teme manmer #& Shas ep) ay ad 
in Susing yadio receiving betes, the gero~bent “oe. 


(9) Boyle, R. W. trane.foy.tee.Gen. XVI, 19fE, p.29%. 
ee Teds Prante 207.500. 8an. VI, LP2z, 9-163. 


$be waveneter wae tuned te the frequeney 


| -l]f- 
fh) At nudio frecneneios the simplest metheé wae te very 


the frequency ortil the maximen acdiibiiisty wee oo: tained. 


The fzueqeener of the £60 wats conerating set was corereliy 
Setesmined by the erfinerty metheé of tenine She wevemeter £173 
@ galvanemetes in the weroneter cirenit inéioe$ed «lestrienl 
wenenance. The “teebieraliok” cetho femiiler te workere «ith | 


gadia receiving sets van fount elacleet for aee with the loner 


powered ofelliater, within tha «rdinary renee ef the wevenster. 


IS ens feend pamelbiae to cauese the galvenemeter in the 
slate ciracit of the low sowere¢ etelliater te Indicate whenever 


of sme of the herrmantce 


of the aeeSileter. the verze of the eevencter wee thea or tended 


"Oli inse She auéibie freenenay serce, @lihonch ite ordinary 


minis frequener wen BECO evelee oer senord. 


@eeiul in the éetumminetiona ef the Yelecity =f seané in lee ae 


wili be Sghewn eter. 


“hile werking weigh cethed, {‘a)] Se éleeerer regenen’ 


cof the Gaunt become 


freqaencies iS wad noticed Shes in meny ae 
inaudible when the i1eten 


Wibegating @uztaee «& show in #1: 


a wae 2ifGed tereis eiesy af tha 


. ¥, bat beeewe ondibie at « 


eeint garther eusz. “it wee fhe taralic eomeigeras ta »e@ dae 


$2 @ teegnetGe @r Stunding save phe omenen, smd geieuiatian 


¥evesie@d the fa0t that ths digtecrae fan the listens: to tha free 


of the red wae nbout half « weve length, “y seine yede of | 
greater dlemetes ard ineressing the effeative rafieatine sarfece 


ef the liaterer it was faund peenttiae ta 4eteet nese in the elr 


 #£82 s@ many a@ 100 seceunsive helt wave lencthe. inowing and 
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teking quoSed velues for the velocity of sound in valx 1% was 
possible te determine the frectenay of the oselliater. In 
turn, thie made it possible to check the accursey of the 
wavemeter. ‘An securnoy of better than one vercert in the 
Velocity of sound in af wat envily obtained in thie way. 

The eimpleat mathed of ebtnining a-lerge reflecting 
surface for the listener wee to etreteh « very thin rubber 
G@ilaphrage: over the <onth of s Shiagtie fennel ané attach the 
Stethesespe tube ts the smunil oené of the fume] #6 shown in 
Pig. VI. “ith the surfsce sf the rabber porelilel te the fzece 
az the vibrsting rod nm sors of “eouné interferometer” ie 
ebtained @ueh az thet eesoribad a ouaa enc else by 
Babbaré end AN Mezee determined thnt nedal peal tions 
ef the reflugter by the mechanics) renetion of the reflected 
goand wave on the electric cireuit. Im the esse here considered 
the neéel -ogitions are éetermine? by the resection ef the weve 

an the geflects: itegif, through the andihility of the tonic 
trein. 


(10) Proo.Amer.seat.iice GO, 1, 271, 1928. 
fll) Weters, VYoilisc, 1927. 5.185. 


| The fires etey in cheeking Reyleigh’s correction for 
| Jateral inertia (IV) wae to design « »od eB thnt the eorrection 


Would not be appreciable for the first mode but world be appree- 


fable fox the third ox fifth. Fox this purpete two oylinders of 
: éurtalumin 7 ems. lone and 6.1 ome. in dianeter were turned on 
the lathe. These were sunled to the two eurfeces of a quarts 
diese 0.19 ome. thick, making a red. of total leneth 14.19 ome. 

_ ond 5.10 ome. in diameter. 

| <g the velocity vu? saund in this red, 28 anlenlnted ‘rom 
| the fzeqaenay of the fixet mode of vibretion by V - {\ . a} IL 

q ese 5.17 x 0° cn8, per suumd. This wan in goed xgrecment with 
the valine of 6.2 x 20° uma. nex eeqond erlepleted from « etatio 
determination of Young's andules. (See pare 4.) Guceersive 

q BOCES Save & ducreafe in velocity in goed egreecent with that 
predicted by {IV). 

A® indieated in fable I, many rode of different 
oropoxtions were tried. In Game the correetion for interal inertie 
was eoprectnbie for the fiat mode ef vibration, in etherr the 
eorrestion wae inanpreciable as to the seventh ar ninth node. 
Prom the nat ga pm end from the graph Pig. VI A, it may 
be Geen that fo2 the effect of lateral inertia ie net apprecishie. 
hie means that ap to thie point and ap to Siie peint omly, 
nay W6 with absurance celcciete the velnaltr sf sound in a yoda 
q from ic wy, « In the venge o.-| SC oe Eeavleish’s exoression 
-{1¥) gives the velocity to «2 ecffictiens anproxieatien fer moet 


s«#perpoees. Pox ch) >o3 %hete excerirents indicate that 


vee IN CMS.x10° 


_ _ 
——o-— EXPERIMENTAL. ----O---- THEORETICAL. 


Fla. VFA 


tos 
ARS 
» 


| 


. 
. 
| 
. 
q 


z{oma) lfeme) k Yrecndney 
feroles, geo) 


GS 


é‘ 263 


14.2 
14.2 
14.2 
61.2 
61.2 
61.2 
61.2 

or 
6i«k 
14.2 
14.2 
14.2 
14.8 
14.é 
14.2 
12.2 
12.2 


‘12.2 


4.1 

6.23 
14.2 
14.2 
14.2 


Geko 


' — 
TAM B T 


v fhy experiment) 
x 10 


@me ver Sao. 


z£ 
2k 
& (=) 


Vienle: 
ome per Gee x if 


17900 
B5500 
BES0r 


5.08 
5.06 
$01 
Sell 
5.11 
Sell 
em 
5.06 
4-36 
5.06 
5.05 
5.00 
5.06 
5.0 
4,76 
6.05 
4.25 
4.58 
09 
5.0 
5.17 
4.58 
5-5 
4.96 


20076 


207 
- 196 
of 
209 
2&6 
209 
064 
20S 
029 
282 
69 


5.08 
5.06 
5.00 
5.08 
6.08 
5,08 
5,06 
5.03 
5.00 
E.08 
&.00 
4.65 
5.06 
4.97 
4.78 
5.06 
4,96 
4.70 
4.95 
5.00 
&.03 
4.65 
4.06 
4.95 


a 
aya 
yes 


FIG.VI-B 


the modes of vibration ore of on most uncertein nature. In 


this region the frequency of ouecossive modes of vibration 


| follows no apparent law. The resr)lte of ea cmrefn) etudy of the 


behaviour of dust particles on the vibrating ond euorface of the 
ved refealed & siseible explanation 12 not a complete one. 
sifted Ginders or duralumin £11 ings save good ¢uet figures. 

Yar those mudas of vibration which gave contistent 
resulta it was found that the particles eimely jomped ap and 
gown eithout showing eny tendeney to arrange theméelves in any 


particular war on the vibrating eurfece. This wae to be expected 


er a sieple lonzitudinal oscilistion. 


Hovever, tox the irregular modes of vibration foand 
whon( rte), as @iatinetiy differen’ type of behnvions wee sheerved. 
4% certain frequencies between 64 ené 200 k.e. ver see. the dust 
becarne atranied in patierne simtiaz te ¢ome of “hladni's 
figures. Sour-six~eizht-and twelve pointed stere vere obteined. 
We mast seoune gome tort of midisl vibration te secaunt for thete 
types of radiel avemetry. 14- ea: Ta. cau Sea Niet. eee, os ie aloe 

go ol famed. ANOSHOE tyoe of behaviour of the serticles wae even 
mere pugsling. 4% cor tain fretreneies ther were abeerved te 
meve continuslly in s cizele sbenut the ecurtre of the rod. aA 
one frecummeyr the carticles nenr the sater edge meved in a 
gleskwitce direotion, wile these naer the centre moved in an 


ansi-clocksise dizection. 46 times 11ttle whizi~nseols ferned 


eff ta one side of the contre. 


A @gombined teoreionnal end loneitaéinel vibretion would 
acedunt for thie oontinusus eixyouler motion if the ten forme of 


Vibzation bed « fixed phuce reletion. 


UU — 
, he 
] . 
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eo may Bee this by congidering « emall element of the 
euzface to one Side of the centre C, loeated at D, Pig.VII. If 
the roé ie executing combined torsions] ond longitudinal vibrotions 
tn the proper phate reletivunahip, then st a given instant the point 
Daeay be moving op due te the longitudinal and beginning to move 
to the vight due to She tox@ional vibration. A quarter of a 
perieé iater 1% world be beginning to move down due ta the long 
itadinel vibzetion and would be moving te the right due to the 
teréionel vibzation. %y fvllowing this erycle through we mony see 
that se particle on the paint > world be shet toe the right enee 
every cycle. If all parte of this hypetheticr! enrfece were 
vibreting in the same manner every particle on that eurface would 
be shifted in the game manner end eo would behave as the particles 
are shwerved to do. cuch isagineé conditions will seconunt for the 
observed facts, but we enntot stenume that they, therefore, 7 
Semcistely represent the netusl conditians. Othex lese prebable 
bat net tmosesible arrangesents may be conceived. 

Shetever the fui eauee of the behaviour of these part- 
ielee ther warn egsinet the sesumption that a thiek red will 
vibrate in a longitudinal ?ashion only, ¢imcly deenunse it ie 
- gupplied with energy in such a way that loncitadinal vibrations 
are to be exnected from ouy experience with long thin xode. Y% 
ie eimost certxin that other then lencitadinal vibratione are eet 
ap sven in thin rede, bus with ee little intensity that they are 
nos readily abeerved. I% if known that treneverse vibration is 
set up in the querts eimulteneouely with the lengitadcinal One 


mnspnecetoe ST AS 
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In the ente of thick rods it may be thet the energy 
of the toreionsl vibrations is shont eqeal to, if not greater 
than, thet of the jJongitudinal. The dust particles move with 
greater vigour at lest. 

These facte have an inticste hesring on experinente seneh 
e® those of ede cine deduetion#® cenecerming eolid viscoelity 
are made from the shape of the experimental rewonance curve, on 
the essumptien that the Wibyatine xvod mey be trented a8 a syeten 
@with one decres of fxeedon. In reelity « rad, eepecialily a thick 
ene, may bebave, amd in theses exporiments often does hehave, 
aS oe Vibrating eyeten 67 great com lexity with eeversl desress 
of freedom. 

Although the audible fretueney limit for the haman en 
ig ateons$ 20,000 eveles per feo. am onvily avdible nete wae 

 @eitted when Shese thick reds cume ints rebonanee, even at a 
G@xiving frequener of 100, COC erelee oer see. or higher. Thie may 
be rendily exzcliaineéd ty She fact that the eneceseive modes of 
vibzeation depart from She neuni hermonie reletion end andible 
beste may be cause between Swe eof the overtones. 


ear 2&4 


Vebsity | 5 Re, 
in omé. x 10 &.04 5.0 4.98 6, o% 4.86 4s ES 
(28) 6.03 6.05 0.07 Gel 14 i 
 *¥elealty . we 
in cst. % 10° 4.76 : 4.75 4.7 4.67 4.64 
ae ie =e 
Se ; i 0.2 6,22 G.25 o £7 0.3 
as ; 


Yelscitys a8 exleulated trom V. 
(12) vhyeiesn’ review, 26, 1925 - 5.556. 


| | ~19- 
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An Gxaminnation of the resulte of thie Investication 
with « view to obtaining invormation reerrding the properties of 
the materiol through which the wave ta patsing reveale the 
following: 

fa) Young's medniue for o “thin” rod is given by VeE 
if a “thin” rod is defined se one for whieh Payleich's correction 
for lateral inertin 18 ineppreciable. The modulos dotermined 
by longitudinal vibretione in euch «a rod ie within the expert-ental 
errex the same as the modulins sbhteined by etatic losding, sl though 

the atreseses eyt ap in thete Swo ceieé ere G09 tremendouély <ifferent. 

a =iohet * have elrendy shown thie to be the cave 
for flexursi vibretion# in yvadée of metel end stone. This sgree- 
ment is tc ba expected, ne $he se treeses im the two creeet sre 
identical in tyse, both teking plece in the direction af the leng 
exis of the rod. 4 further disevesion of the correspondence 
betesen the dymemie ent etatic methed ef determining this nodnlus 
is inelnded ister in the renert of the werk on ice. 

{b) Bearton'e fazwnie for the velocity of eeund in an 


infinite s-11d say be written i 
a ee eee 


(\ .a )(i—2.9) eel omy a @aASSomra cakio 


¥ mey bs messured by = method euch af that employe by *eyle 
ané Lebuann, while ¥ may be éeterminad br she methsd descrikeé 
hese. Henee \ 18 doternined. This result is sf epecial 

| interest e@ © if a noset difficult conatan’t to determine © 

accurately br direct ex :exinent. 6) far éuralanin 

by this methed ie 0.254. | 

(13) PRL. Eng. 2, 1926, pp-561-566. 


- (14) Le Jouxuei de “hyeique ct le Hadiun, Wol.TIII, see.¥i, fo. 102 
pe4zk. 


-PO=- 

{o) Also, © may he obtained from ¥ ad 

aig (ie _v) aye. where V = vel. in thick rod. 
Vv «vel. in thin rod. 
i ae ¥ = xed. of thick rod. 

1 «= length of thick rod. 
In this este we may determine 1 from the firet mode of 
Vibration and ¥Y from succeeding modes by using a rod of 
Suitable dimunsions 80 that ™ may be found from meaturements 
teken on a Single rod of the material. 

In order 40 make a further test of thie method for 
a&etermining Young's modulus, rode eof iren, bretés, magnesium and 
tyve metal were made efter the fsehion of Pig.I.e Hesulte for 
these rods are compsred with those eeleulated from quoted values 


of Young's moduius ané density in Table II. 


TABLE IT 
Material Velocity by Vat) Velocity by V «= €7; 
in ems. per sec. 
Iron 4.95 x 10° 4.99 x 10° 
Brees 3-47 & 10° 3-50 x i0® 
Hegnesium — 6.02 x 10° 4.98 x 10° 
5 


type metel 1.71 x 16 


ee! ee ee ee 
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Young*s Modulus for fee. 
(15) 
In atevcintion with eume work in fleeberg detection 
by meane of ulixratonice carried ont by Pople ané Feld in the 
Gal? of +t. Lawrence, 1924, it became axoeéient to apply the method 
Geeerlbed here in the determinetion of the elastic censtante of ioe. 
; Thie bad been done hefere by verieus workers, employing etatic 
bending methods, but excewdingly diveordant reavite hed been 
“ebteined. | 
A Sleanece at Table ITI revesle the feet that Youn 2's 
modulus fer ice elther varies a ¢rent den] from teamole te semple, 
8Y elee Something is radicaliy wrong with the etntic methadse emplered 
hy the invetSignstore. “he aypllestian of the methedea of thie reaver 
te the deterninetion ef Yeung'e moduiue for tes inéicetes e 
‘ veriation fyum Semple ta femcle, bet the veriation found ie net 
| at ell of the arder indicated in table ITI. 
“Ty 


g's Hodulns for tee. 


Hbeerver Pate “Foune's Hoednlne 


heeeley | S27CO Ers. Pe 
Renan - * 
heneoh " = 
Bese we ” 
Beinberg * - 


A Zarther leek af ogresnent is ts be feuné on exenining 
he results of investigatere whe were senrobing tor « difference 
in & in directions serailel ts,ené pernenficaler te, the optic 
axis. sume clein ne appreciable difference, other’ lerge differences 
(16) Boyle and fuylox, @rans.Roy.Sec.Can. 3, 2Z, seet. IIT, 1926, 


ege £245. i 
cn ond Teid, *oyans. Hoy. Soe.Gan.3, 1Xe s@eteTII, 1926, p.283. 


“22° 

of the Grder indicated by the reselte of paviaae Ry the 
bending method Mateuyama found that Young's modulus for a bar, cut 
So that the eptic axle wae perpendicular to the long axis of the 
baz and also to the place wf bending, wes 9400 eee A dar 
eut 0 thet the ovtic oxis wns parallel to the slene of bending 
ané als09 to the long axie, anve a modulus of 186900 ie while 
ene with the optie axis parallel to the plane of bending but 
perperndiculer to the long axis yielded 2 moculus of 6100 wee 
AS Will be seen later Young's modulus by longitudinal vibretions 
in bexs indlesates that aiy VWariation with reesect to direction 
im the ice cry@tal ie quite emall i* exictent at ell. A poseible 
 Feason for Matenyema's Gtrenge reéulte will be advanced. 

he determination of Young's modulus for ice is alse 
of interest for the foliswing reseomn. andl ted pointed 


ent an @epirical relation exivting between hest conductivitr, 


Young's moduins, end the density, of selid ineviatore. He ckecked 
the exoreesion £ =touhore E « heat conductivity, by ufing custed 
Values from verisue tables and got goed agreement in many estes. 
Clerke tastientined ¢ > tat the heat conductivity, using the same 
Semcles for all determinstiene, «nd found thst the agreement 


given by auoted values of the canstante for the meterisle chosen 


by fharnten was apparently a matter ef chenee. However, Clarke 


4 eoncluded that ome such relation wee ronghiy true end might hold 
with considerable saccurscy far related enbetences. 
(16) Iof Geel. VYol. 26, 1920, page 607. 


(17) Se. Abet. 114, Voi.23. 
(18) ce. Abst. 268, VYol.26. 
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Thornton's relation could not be cheeked for fee, which 
ie an ings later, antil sone indiontion eonld be obtained ne te 
which of the many determinntions of Young's moéalue wae the 
eorreot one. 

ipa (19) 
A @tatement by swift on the nature of elne ticity 
20) (21) 
together with the wark of MeConnell and Kidd on the 
plasticity of fee sdequeteiy secount for the veriation shown in 
quoted veluss. 

Agoording to iwift, “the deforestion, which follows na 
ohenge of Static lending, may in the maxt general cases, it appears 
be reislved inte three separate eonatituente. 

fa) the strein which éevelane simsiltaneonsly with the 
henge in strese, end of which 1% may be regarded as the cause 
or effect. Shie esrain if eteentielly reversible in neture. 


{b) 4 defeorertion seeentislly permanent ané irreversible 


which develope more flewiy and with the peteege of tine eppronches 


fin e irremiler bet reueahiy logeritimie war) ite fine] velae. 
(e} 4A strain which develope Slowly in a similar war te 


the sermanent eet, but Which le reversible. this atrein is made 


 @vident in the partial recsvery {"elnetie afterstrain") which 


follows the renoveal of losé from ee-eslled semi-elestic mnterisls, 
ex from meterinle which heave been overe trained, ané in the 


Yevereible ecrees which secure with elestic materials st high 


tensere tures even under sSt¢refeen which heave erxparentiy ne permanent 


yesidual effect. 


The processes which give rise ts these changes are not 


Known tut frm the simele fs¢% that @txvain may heave this csmpenite 


Neture it feilows that, unless some regervé is cnid ta the faetor 


Phil.veg. 2, 1926 - pp. 561-368. 


7 ES La dat *LIXZ ~ 523 ~- 18691. 
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ef tine in the definition, the modulus of elesticity hee no real 
physical #isnificence and a restricted prectical value." 

The work of MoeConmell and Eidd indicates moet clearly 

thet in the onse of ice, the componente {b) and (e) are ordinarily 
large parte of the whole Strain, and may both be greater than (e); 
and that not only are {b) and (a) dependent on time, but also on 
temperature, Yorkere determining C for ice seem to heave been 
unawere of these fects. No preesnutiens seen te heve been taken 
So avoid or wake known these lest two componente, #0 agreement 
is nat to be expected. 

Again the work of MeCennell and Kidd indieete a potsible 

 geason for the discrepaney between Hetsuysma’s retvltse and those 


obtained in this inveetigetion. “her found thet component {b) 


‘men Sioned by Switt, veried with the manner of cutting she rod of 


1 fee with respect to the sutic exis. Hence, unless precentions are 


 $gken to Senerate component (hb) in each este the ¢ifferent datez- 


 minetions of C are not cemparable. the work of cwift with flexural 


¥ibrationa in mete] reds indie: tee that a dynamie method of deter- 
aerate € effee :ively elimineted factors fh) and {e), ae dves the 
| work of Piohet oh -are of rock. 48 hee nilrendy been su<cesnted, 
there 1s avery reaton te believe that these general conclusions 
will be the 
Strein® take plece in the direction of the long exis of the red 


game for lencitudinel vibratione, a8 the Stresses and 


in bath eases. 
| In brief, the work of MoConnell ané Kidé indicntee that 


the slenent ef wesaknegs in the etatic method applied to ice ie that 
the com-onents of defsresatian whieh are fanetions of time cannot 
ne Nea 


j 


‘be, eliminated ex mede knewn. ‘the work of Swift end vichot, on 


the other hend shows that by dynamic methede the components of 
mation invulving a tine elezent may be eliminated and at the 


-25~ 
@eme time an accurate determination of wenng*s modnlnue rendily be 
made. 
Prom the foreguing exveriment on metel rode it ean be 
seen thet «n acourate, Simple, and revoid dynamic, method if svxail- 
able for finding Young's modulus of any 80114 material. two advantares 
in particular are to be associated with the high frequencies employed. 
A Small Bample of the unterinl used ie not only eafficient but more 
@onvenient than a lerge one, and the frequeney le readily meesurable 
$o econeiderable seenreacy. lenee, it may be convidered that ¢ for 
ies, determined by the method here described, depends on the component 
of strain (a) and @o has a definite phvetesi meaning ander different 
 @enditiens of tenpersture and orientation of axis, and that the 
Sime feetor is effeetively elimineted. 
| In order ty determine the affect on of the orientation 
ef the optic axis, with yesreat to the lone axis of the rod, many 
Sameles were cut from solid bloeeke of cleer river ice in such « way 
that the long sxis of the bey wat perallel to, narpendicnlar to, 
@Y inclined at sn angie ef 45° $o the ontic exis. In order to 
discover the direction of the ootic axis use was made of the fact that 
4% i@ very nenriy, ifrnos quite, pexpendieulaxy to the aurface 
of the freesing weter. | 
48 may be geen by referring beck to page 7, the method 
employed in this invectisetion to eet up loncitudinal vibrations in 
yode is te foxm a red in such «a way that a thin plate of querts is 
4 at ax Very neaxy an entinede of pressure for the mode of vibration 
desired. “ex the fundamental note this meane that the quarts sust 
F teas the centre of the roé. This letter we the arrangesent 
 qupley ea at all times in 2¢taining the velues quoted here. By 
; applying an elterneting potentisl te the two faces eof the quarts a 


He da Bik Ss 
hy 4 ‘ 
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& Pressure wave was Bet up in the quarts, which wave travelled 
‘out into the rod and there eet up nm Vigorous longitudinal vibration 
when the frequency of the wave corresponded to the fundamental x eson- 
ant frequency of the rod. 
Due to the frat that ice is = very good electrical 
inteletor it was necessary to etick tinfoil to each side of the 


active plese-electric quarts, with genling or other wax, before 


freesing the ice rode to the diec, ae indiesated in Pig. VITI. 
AS no BuisSable methote of artifieial refriceration 
were availabie, the exnerimentes were performed with the ice out 
| of dsars, duxying the monthe of November, Pecenber, and January, 
i927-1926. fhe rods of tee were pleced ontside « window of the 
exceriventel zoom nt a time when tho tenpernture wae su iseble. 


It was faund thet there were variations in © from 10.5 


10. | iC £ 
x 10 dynes to 9,02 2 10 dynes jome. seven with rede cect from the 


seme block of ise and in the same ¢irection. hit wes probably 
due ta the fuet that the sempice were firet cnt roughly from the 
block with a Sew end then sheped more exeaetly on Slightly warmeé 
nete}/ pletes. the temperature of thete slates was by no means 

| “eoneitant 9 the “heat treatment” inciféentally given to the rods 
here’ nay easily have verled enfficiently to account for the 
ene} dit torence in obeerved eleeticity. “hen egain there might 


alsa be vatying features from sample to samele in the eryetall~ 


zhqihte eandition of the iee. “he ¢ifferences in the velnee ef 

“ehneyved here are smell in comparison with these sbteined by sfntio 

moviode, Shough they are large in comparison with the experimentel | 
sx08 ee the present methods and therefore cannot be aseribed to that. 


By this sethed the following are the possible sources 


-2o- 
1. irror in mestuxrement of the length of the lee rode. 
Z. lixvxox due to poseible miutaking the identity of one 
mode or even type of vibration for m totelly differ- 
ant mode or type, e.2. nefuming thet the fifth mode 
of trangverte vibretion is the firet made of long- 
itadinal vibre tion. 

S. Srrox in messurenent ef freqnency. 

The errors in] end 3 together were net over 2%. an 
erroz due to qg migteke in the ifentity of one mode of vibratia: 
far another wauld reéult in «a determinrtion of velocity which was 
in errer by some simple multiple of the tree velecity. “he 
$raneveree tyoes of vibration were aesily dietingcished from the 
lengitucinal trpes by the nee of the etethsecene. Apniication 
of the stethaneepe tip te the side of a ber when it wae vibrating 
in ea longitadéinel fsshien reenited in «a sound very Zeint in 
eemparison with thet ebteined by the avplication of the tin to 
the end of the same vod. Por the ente of s transverse vibration 
the reverse wes the esses. ence the variation in velecity from 
ample te essole of sueh magnitude as shown here must be éue to 
® ee] Veriation in the elastic properties of ice. The divcoréent 
yeeulte gested by sen ee the x-rey enelreis of ice 
inéieates Glieeriy thet the orritei stracture ef ies is a function 
of its paet history. A ehenge in eryéteal etrresure in generel 
| must lead te « shenze in the eleetice sronerties of that erretal. 
“the eon¢inuens deformetion of ice uncer stress ohserved by 
SeConmel and Liéd sisoe indiestes that the crystal etreeture of 
iver ica might be expected ts be irreguiar. | 


(22) the Structure ef Crystals. 


“i= 2% 
CARE IV 
Showing effect of orientation and temperature on Young's 


Nodulue for Toe. 


Spee linen i fund amen tal Velocity Temp. Young's Modulus 
Pyeqduanay , =. 10 
a 8; j 15.6 ome. 11600 ;evc. 4.12 x 10 ome. “20°C &.90 x 10 dynes 
| #aC. cme. 
& BA 20.85 ome. 7600 ;se0. 3.16 * -20°¢ 9.12 " 
8 2p 20.6 come. 7620 ,e8ec. 3.14 " -20°%c 9.02 " 
® 2845" 21.8 ome. 7040 jeec. 3.07 * -20°s 8.65 " 
(Same rods after evavorating about one minute. } 
10 
& 2// 23.5 ome.21900 seo. 3.22 x 10°eme. ~26°c 9.36 x 10 dynes 
Bec. ene 
i EBA 26.7 GB. 7640 { 2 GG. Oe £4é * -26°¢ 9.65 sad 
& 2 20.6 oms. 77790 j;sea. 3.20 = “269° 9.40 ad 
B2H5 21.7 ome. 7160 /8ec. 3.10 * -26°s 6.80 " 
{Ssme rede - lower tenpera tare. ) “ 
& Zi i 19-5 eame.12000 ; sec. elt = 10°ome, -33°¢ 9.63 x 10 dynes 
SCG e ome 
® 22 20.5 ems. 7800 ;eee. 3.22 * “33°: 9.36 " 
o 
#2m6° 21.7 ama. 7150 ,8ec. 3.12 ” “335 ¢ 8.90 * 
Are 


Orientation - ontiec sxie s; long exis af rod. 


leneth = 16.2 oms. é 
Pond amen tal 
@ysequaency Yelecity Temp. Youngésa — 
10200 jsec. 3.32 x 10° oms.  -30°c 10.5 x10 éynes 
e Sec. from 
aen8 x 10° Bmb. -26°%6 10.5 x i¢ i ne 
BEG. Gu 
6 8 7 x1 i" 
3.25 x 10" ere. ~i0"C Ss. x 10 dynes 
8eea. = 


5 a | 18 
3.25 = 10 ome. - 6¢ 9.7 x i0 deres 
880. ons” 
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| A glance at ‘able IV reveals the fect that any verintion 
‘there may be in é in different directione in the lee cryetal Le 
Very #light in comparison with the verletion found in former 

investigations, and not greater then the vorlation from sample 

to Sample ef lee cut fxom a block in the same way. This ie not 
equivalent te saying there is ne variation in in éifferent directions 
bigger than the exverimental error. The varintion from sample 
to Sample ig noi due to experimental error, but te differences 

in the elastic nature of the ice introduced sometime during ite 
past histexzy. It is in fact probable thet a éifference in in 
éifferent diyections may be readily obeerved if the rode sre 
prepared under uniferm conditione and preserved at a anifornm 
temperature duxing the course of the experiment. This hes eo far 
not been poseibie. | 

The vaxiation in € with temperntare was investigated 
from e°c tea -20"e by ‘taking obeervations of € for the exsssed 
iee~seciilatexys ae the weather changed. A emall inerease in ¢ 
aith « Geerense in temperature wee found se shown in Pables tv 
ené ¥. Hexe again the insbility ts centrol the Genperature 
esnditione was « handicap. 

A leg in Cbehiné the tempernture was meticed. the heat 
conductivity af ice is lew, but if the leg heaé been due to the 
Sime required for the red te take up the temperature of the 
Suzreundinge, the lag shauld heve been greater for the lergar 
yoéeé. This was not the exe. The effect mizht be well worth 

Studying if lee terpernture feeilities, such e® liquid air, 


were svailable. 
An etSempt was made to extend the temperstrre zange of 


the exoerinent by plaging She lee rod ascilisters in = thermes 


a 


" bottle and ovoling with COp enow. Several readings were teken a8 


oo, 
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2ABLB VI 
Orientation ~ Optic axle ,, long axis of rod, 
a E £a% v tT - 
12.3 12930,8vc. 3.18 x 10° ome. -9% 9.23 x 10 erage 
L He. : om 
0 
13950 ,keo. 8.42 x 20° ame. -35%s 10.6% 10 dynes 
8ac 
emg 
11.9 13630 ;eec. 3.2x10° cms. -10°s 9.40 x 10 dynes 
| hatin | ome 
14000 ,; sec. 0.34 x ib’ ons. -30°¢ 10.2 = 107 anes 
206 1b ern 


14860 , sec. 3.52 x 10°one. -30 7-60 11.2 x10 dynes 
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the ice covled. ne to the unequal contraction of the ice and querts 


the rode fell apart st some temperature between -30°% and -60°¢ 
80 the Values shown in fable VI give but a rough indication of the 


ehange to be expected. 


A aquelitetive idea of the effect of temnernture on the 
Solid viseoulty of ice wae incidentally obeerved, from the 
intenzities of the emitted note when oveillating et audio 
frecuencice., %% sold daye {about -30'0) with the epecimens juet 
auteide the slosed windaw, the neste of the revonant roce was 


Plainly avdible ineids the room; on warm dere the sound wae berely 


gendible even with the windsw open. 


AS a fuxysher appliestion sf the metheds deseribed in this 


yepert two yectanguiaxy prieme of marble were senled to a slete of 


quarts to meke & marble otgillster, from whieh the velecity af 6 ound 
ané therafere sles ie weeipveeni inal @ineticitr of marble oonld &a 
@etermined. the oxieme were aoocrexinately 2 ome. x 4 ems. x 8 cms, 
Phe velocity sf aeuné #0 nereured wae found to be 4.06 cme. =x 10° ens. 


: : | | 5 
per Second. A quoted value gives 2.8 x 10 oms. per Second. 


APPE"DIz 

“Foz detailed surveys of the olese-electric charge 
acquizeéd on compression by s pleszo-electric enbetence a sensei tive 
and gume tines troublesome electrometer has often to be ued. 
In quick qualitative wurk 1% 48 »coesible to replace thie inetrument 
by 2 Simplex arrangement, vigss: by s vacuum tobe amnlifier with an 

ordinary “. tucent” gnivanometer feensitivity arproximnately 1 

mi{llisampere per scale division) in the plate ciranit. ) 

The gqunxytz plete with tinfoil electrodes ie pliseed be twee 
the jews of a -alr of pliere, csxrdboard or ather ineulater being | 
eased to ingniste the tinfoil fram the pliere. Phe tinfoil is 
gonneoted to the amplifier oe indicated in "ig. Ix. A moderate 
presenre on the pliers ie sufficient te eend the grivenoneter 
needie off the conle. If the grid termirsl ie connected te that 
feee af the Gunrtzg which Le poeitive on comereseion then 


‘Gempreasion causes an increate in piste eurrent. 


SUMMARY 


‘. It ha& been experimentally shown thet a compressional wave 
in a Solid material mey be propagated with widely differing 
velocities. 

2. this change in velocity hes been shown to be a function of the 
dimensione of the propageting body, e.g for ma cylinder the retio 
of length to dismeter. 

3. the information concerning the behaviour of » weve in a given 
medium under these different conditions effords e meane of 
geterminine Young's Fodulus and Poigsson's Ratio more conveniently 
and more surely then before. 

4. AS # particuler apolieation of the method Young's Modulue for ice 
was determined, she results showing a greater degree of consist- 

enecy than the resulte from former methods. 

5. Iincidentel to the abeve work, a simple method of determining 
the velocity of sesund in eir wes Geveloneé, anc « Simple cevice 


wes designed far discovering the sign of 9a nieze-electric cher@@. 
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to scknowledgze the guidance «ené advice of Dr. E. %. Seyle. 


